At Sites U1322 and U1324 borehole breakouts are a conspicuous feature of the LWD resistivity images. The breakouts occur as cylindrically opposed zones of low resistivity, but also as zones of high resistivity flanked by narrower low resistivity intervals. The breakouts show a consistent E-W trend at each borehole and with depth in the boreholes. Specifically the Shmin directions are o and 89-269 o , respectively, at Sites U1322 and U1324. In the extensional state of stress of the Mars/Ursa area, Shmin is the minimum principal stress.
Introduction
Borehole breakouts were recognized during the initial analysis of the LWD imaging logs during IODP Expedition 308 (Site U1322, this volume). Breakouts have been documented from convergent margins by ODP (Goldberg and Janik, 2006; McNeill et al., 2004) . The breakouts from the Exp. 308 cores are a first occurrence from a rifted continental margin, encountered during IODP drilling.
The site report notes that the breakouts are oriented approximately east-west.
This data report provides a more extensive examination of the breakouts from the Ursa area on the Mississippi fan (Fig. 1) . The analysis includes quantification of the azimuthal and depth distribution of the breakouts, and was conducted using GMI-Imager software, produced by Geomechanics International.
Description of Breakouts
Borehole breakouts are compressional failures of the borehole wall produced the in situ horizontal stresses. For a concise review of breakout formation and references thereto, see Goldberg and Janik, 2006 . The breakout or borehole failure occurs on opposite sides of the borehole along a direction parallel to the minimum stress (Shmin) and perpendicular to the maximum stress 7/01/08 3 (SHMAX) in the horizontal plane. These borehole failures fracture and ultimately enlarge the borehole in the Shmin direction. In resistivity images the failed areas normally appear as a low resistivity zones due to the enlargement and fracturing of the borehole, allowing the resistivity tool to sense more water at a particular depth of investigation (Fig. 2B) . The resistivity imaging tool has a resolution of 2-3 cm horizontally and 3-4 vertically at the shallow level of investigation (2-3 cm) beyond the tool diameter.
The occurrence of breakouts at shallow depths in muddy sediments may seem surprising because the muds are weak. However, brittle failure of muddy soils, at low confining stresses and relatively high strain rates, is commonly observed and well explained by the Mohr-Coulomb failure law (Lambe and Whitman, 1969) . The drilling process reduces the lateral confining stress in the sediment. The borehole features we report on formed rapidly; they must develop within several minutes after cutting of the borehole, in order to be recorded by the imaging tool, which is only a few meters above the bit. It is reasonable to interpret these features as borehole breakouts.
The breakouts shown in Fig. 2A are typical of those documented in resistivity images in other ODP and IODP holes. Other breakouts at Site U1322 are more complicated, characterized by a high resistivity zone flanked by zones of low resistivity (Fig 2B) . These images may represent an incipient failure leaving a ridge of high resistivity sediment between fractures (flanking low resistivity areas). The ridge of high resistivity sediment may represent a block caught between conjugate fractures. The block may be being extruded into the 7/01/08 4 borehole in the Shmin direction, hence causing the high resistivity signal. These high resistivity features are located on opposite sides of the borehole and show azimuths consistent with the more typical breakouts above. They are narrower and straighter than the typical breakouts. We believe they are an incipient stage of breakout formation, which would evolve to the broader low resistivity breakout with more water invasion and/or spallation of the central high resistivity block.
The pattern of dipping sinusoids, probably folded or rotated beds, in a mass transport deposit, also suggests that the "high resistivity" breakouts formed parallel to Shmin. During slumping or mass transport, bedding would, at lease initially, tend to rotate around an axis parallel to the slope and therefore dip either up or down slope. In Hole U1322, the dipping sinusoids show east-west dips, parallel to the breakouts (see Fig. F46 , U1322 Site Report, this volume). This bedding geometry is consistent with slumping to the east in the direction of the least principal horizontal stress or Shmin.
Orientation of Breakouts
Our analysis confirms the E-W orientation of the breakouts mentioned in (Fig 3) . The breakouts were less well developed in Hole U1324A, but show the same general east-west orientation (mean azimuth 89 o ) (Fig. 4) . The downhole occurrence of the breakouts is concentrated into particular zones. However, a cursory inspection indicates no clear correlations to lithologic or log properties. For example, the breakouts appear to correlate well in depth with the mass transport deposits at U1322, but not at U1324.
The breakout orientation represents Shmin at 84-264 o and 89-269 o , respectively, at Sites U1322 and U1324. The Shmin vectors for each hole are plotted on the Ursa-Mars area bathymetric map (Fig. 1) .
Discussion
Because the LWD resistivity imaging tool is located only 1.5 m above the bit, the breakouts must form a few minutes after cutting the borehole in order to be imaged. Thus the breakouts represent a rapid, probably brittle, failure, and measure current in situ stress. The widespread gravitational failure in the area of the IODP drilling (Sawyer et al., 2007) indicates that the maximum principal stress is vertical, typical of passive continental margins. Thus, the Shmax and Shmin at U1322 and U1324 represent the intermediate and minimum principal stresses respectively. The ~E-W Shmin at U1324 is subparallel to the overall east dipping slope of the Mars Ridge between U1324 and U1322. At U1322
Shmin is perpendicular to en echelon extensional fractures along the margin of a submarine landslide. 
